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EXPERIMENTAL RESEARCH ON AIR PROPELLERS, IL

By WmJAMF. Dtrmm ANDE. P. LESLEY.

INTRODUCTION.

The purpose of the experimental investigation on the performance of air propellers &-
scribed in the following report was, in brief, the extension of the &Id covered by the investiga-
tion of 1917 and described in Report No. 14 of the Third Annual Report of the National Advisory
Committee for Aeronautics, 1917.

The investigation was divided into five parts, as follows:
(I) Teats under conditions of flight on 16 model propellers of different forms, seotions, or

pitoh ratios from those of Report No. 14.
(II) Tats under conditions of tlight on one model propeller of variable pitoh.

~ sm~~f) Tests under conditions of flight on threa sets of right and left hand model propelIera

OV) T-k on 12 model propelkrs to determine brake effect or negative thrust at negative
slip.

(V) Standing thrust and power tests of 67 model propelka.
The above program was prepared by Dr. W. F. Durand, chairman of the National Advisory

Committee for Aeronautic. The entire investigation was carried on during the summer snd
fall of 1918 in the aerodynamic laboratory at Stanford University, under the direotion of Prof.
E. P. Lwley, who is author of the report in ite present form. Prof. H. C. bIoreno, of Stanford
University, rendered vahable assistance in the experimental work and reduction of data. Dr.
Durand was called to Europe in January, 1918, and was therefore unable to give personal atten-
tion ta the tests and preparation of the report.

The Stanford University aerodynamic laboratory and its equipment me fully described in
Report No. 14, previously mentioned. Except in details which are hereafter dmcribed, the
method of observation and reduotion of data used in this present report was the same as that
previously adopted.

1. TESTSON 16 MODBLPROPELLERS .

The propellers chosan for this part of the investigation sre shown in the accompanying
figure 1. They involve six additional forma (F,, F’a F~, F., F,, and l?,), one additional type
section (4) and one additional pitch ratio (1.1).

The ohmacteristica of the six additional forma are shown in the accompw@ng @ures 2, 3,
and 4. It may be noted that F, is simihr to l?, of Report No. 14, the curved center line being
of the same shape but be@ set baok in the direotion opposite ta rotation 0.55 inch. In F4
the center line is curved in the opposite direotion from that of F,, making the leading edge
instead of the following edge straight. In F’ the curved centar line isset back 1.1 inches, and
F, is similar ex~pt that the center line is curved in the opposite direction. FThas a radial
leading edge, while F, haa a radial following edge.

The additional type sections (SJ are shown in @ures 5, 6, 7, and 8. This section has one-
half the camber on the driving face of & of Report No. 14. sections (SJ of F,, F,, F,, and
F, are the same as for F,, Al, St (fig. 20 of Report No. 14). Figure 9 shows sections for F,
and F,. The various charactistics of the 16 modeIs are shown in the following TabIe I.

261



262 AKNUALEEPORTNATIONALADVISORYCOMMITTEEFOEAEROMAUTIOS.

No.

so
81::::::::::;:::::::::::::::;:::::::::::::::
Sa..........................................
8s..........................................
S4..........................................
S6..........................................

Ida.
66
86
S6
66
86
SO

S8.......................................... 66
S7.......................................... 86
88.......................................... 66
SQ 66
90:::::::::::::::::::::::::::::::::::::::::66
In..........................................
9!4

86
..........................................

m
83

94:::::::::::::::::::::::::::::::::::::::::
as

%
.......................................... M

Inrke.
S9.6
8Q6
69.6
89.e
!26.2
!m.2

N$~ Dymnia
mtior pftuh.

1
r~k;.

L1 6D.9
L1 4a4
L1 W.7
1.1 47.!4
.7 6S,8
.7 a4.5

S3.1
:; S4.6

86.4
:; M.9
.6 26.6
.6
.7 ;:
.7
.9 4i8
.0 a9.Q

Dyn#o Mm Area
blade up]

natlo. width. .

L414 .Mr AI
LW
1.409 :E

4
AI

1.819 .mr
.‘w

~
.1&

.93S .1* Al

.m .Ur Al

.!469 .L& A,

.963 .Hi&

.976
4.18&.7a7 &

.I& Al
.O’M .X9
.906 .16r k

:g
1%

At
AI

1.109 ..!wr h

Thagd Bl#

form tlorl
ly’mboI.symbol.

—1—

-.

The dimensions of the propeller sections are given in the following Table IL and figure 10:
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Construction of nwiels.-l%.e model propellers were carved from single sticks of Pacific
soast sugar pine (Pinus Landwrtaimz)in the manner described in Report N;. 14. Further teats
and measurements of the medals constructed in 1917 show that, if thoroughly seasoned and
properly protected by varnish, this wood is well adapted to the purpose.

Methudof wnducting tmts.-’hehe tests were conducted in the same manner as those of 1917,
except in the following particuhwa:

Wind Velocity.-h the earlier investigation the wind velocity, except for the action of the
model, was constaut throughout a test. Two or more velocities were used, the data for very
high slip being obtained at the lower velocity.

Although experiment showed that the thrust and torque reduced to coefficients were, at
constant slip, independent of velocity; it wss thought advisable to use vdocities as high as
practicable, particularly at low slips, in order that the quantities observed might be large and
thus the percentage of error reduced.

Accordingly tests herein described were started “witha velocity of about 50 mdca (80 km.)
per hour. The model propeller was brought to a rotative speed that produced practically no
thrust and observations were made. The rotative speed was then increased slightly and another
set of observations taken. This was continued until the limit of power for the dritig motor
was reached. The wind speed was then reduced by small amounts and observations made until
the &aired range of slip was covered.
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Torque.—In 1917it was determin~d that, after running 15 to 20 minutes, the torque moment
of tha apparatus was practimilly constant and independent of speed. The practice was therefore
ta observe the torque zero at the be=ghmingand end of a test in which fkom 10 to 20 observations
occupying about one minute each were made.

Teats at the beginning of this present investigation showed that while the torque zero was
practicalityindependent of speed there was a slight variation with time which was not uniformt
The following practice was therefore adopted. The driving motor was started and allowed t.a
run until practically a constant torque zero was observed. The modd wss then put in position
and the usual observations made. The model was then removed and an observation of tmque
zero made at the came number of revolutions.

The discovery of slight variation in the torque zero M to the suspicion that efficiencies
determined for the 51 propellers of Report No. 14 might be inaccurate at the lower slips (the
vicinity of the maximum eiliciency). Consequently all of these propellers were retested by the
improved method. It was thus learned that in some cases, particularly for propellers of the
h~her pitch ratio, the mtimum efficiency preciously detauirmd W= from 1 to 3 per cant in
error. The following Table *III shows for propellers 1 to 51, Report No. 14, the value of effi-

ciencies for various values of-& as de@fined by t*~ during 1918.
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Wlera the above efficiency k difhrant from that shown in the curves of Report No. 14.
the difference is due mainly to a less net turque caused by a SIightrise in zero torque. Quan-
titatively the error ww small, as may be shown by the following illustration:

In Report No. 14 the maximum efEciency of propeller No. 1 is 0.766 at&-0.79. With

a wind velocity of 60 feet per second (about 40 nib per hour) and with QC==0.6 and T.-0.365,
with air density 0.075 pounds per cubic foot, and with a diameter of 3 feet, the torque would
be 0.6 x3600X27X 0.076

1000
-4.38 footipoundg. The efEciency of propeller No. 1 at -~D =0.79

has been determined to be 0.785, which with the same thrust, veIocity, etc., requires a torque
coefficiaut ==0.586, or a torque of 4.27 foot-pounds, the diilermce being 0.11 foot=pounds.

A further possible source of error in the aficieucy curves of Report No. 14 was the method
of calculating efficiency from faired curves of T, and Q,. The difference in the above example,
between Q,= 6 and Q.==0.585 is barely distinguishable on tie scale used. In the above check tests
eflicienq was calculated directly from the data for each observation. It may be noted that
the eflicienciea (aa shown by Table ~ for =p~d@g pitch propellem (p,) 13 ~ 24 and 37
to 48 are in general somewhat greater than for uniform pitch propellem (P,) 1 to 12 and 25 h
36. There are but few exceptions to thii ruIe. Other general conchwions of Report No. 14
as to relative efficiency are unchanged.

EEDUCllON OF DATA.

The same general method in reduction of data followed in Report No. 14 has been followed
in this present investigation. With the exception that metric units are used throughout, the
data as presented are in the same form.

V-Velocity in meters per second.
N =Revolutions per second.
D-Diameter in met&s.
A -Density of air in kilograms per cubic meter.
T =Thrust in ki10f2JlWiS.

Q =Torque in ldogram-meters.
F.—Effective power or power absorbed by propellers in kg. meters per second.
Pu- Useful power or work done in overcoming resistance to forward motion of plane

in kg. meters per second.
p =Efficiency.

It should be noted that ~, the slip coefficient, is independent of the units if they are

homogeneous. Therefore, in this present report, the values of & are the same se for Report

1000 x Q P.
‘0” 14” ‘he Coefficimti “ -%’%” Q’ - -KmF-xmm and &are likewise inde-

pendent of the units used if they are absolute and homogeneous. Since gravity units are em-
ployed these coeKicieMshave in the metric system a vahe g in feet divided by g in meters = (3.28)
times that when English units are used.

In Plates I to XII are shown diagrams giving values of the thrust and torque coefficients
and of the efEciency for all of the 16 models tested. The use of these diagrams is fulIy explained
in Report No. 14.

The practice in Report ~4 was to reduce the observations t; data in the form of

thrust and torque coefficients T. and Qc and plot on abscissae of ~ Fair curves were

then drawn as nearly as might be through the points determined, The Miciency was

calculated for each 0.1 or 0.05 of the ~ range from valuea of Tc and (& taken from the

curves. In this present report the efficiency has been calculated directly from the observations
and the eflkiency curve drawn through the points thus determined, serving to eliminate errors
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of judgment in drawing curves of T. and Q.. The curres of T. Q. and p are checked for con-

sistency sA values of & varying by increments of 0.1.

Plates SXXV to X.LI show the Eiffel logarithmic diagrams for the 16 models tested. In
these diagrams, which may be employed in the same manner as those of Report No. 14, the
metric horsepower of 75 kilogram meters per woond is used.

DISCUSSIONOF RESULTS.

tit in relution i% pitch ratb— k expeoted from the tests of Report No. 14 the thrust

of propellers 80, 81, 82, and 83 (1.1 pitch ratio) is greater for the same value of & than the

thrust of propellers of similar form and mea but of less pitoh ratio.
Th.rwt in relationto blade area.—The pairs of prope~ers 80-81 and 82-83 show the same

relations of thrust as sindar pairs of Report No. 14-that is, the wide blades (81 and 83) show
the lesser thrust at low slip and the greater thrust at I@h slip. As noted in Report No. 14, the
lower thrust at low slip is probably due to the smaller dynamic pitch caused by the smaller
curvature of the back of the bladm. ~

Thrust in reih!ion to bladeform. —Forms 3 and 5 (curved edge entering) show less thrust
than forms 4 and 6, while form 7 (straight edge entering) shows 1sss thrust than form 8. Such
differenctw as exist between pairs F,-FJ, FS-F6, and Fr-F* are believed to be due to greater
tendency of one than the other propeller to warp when under load.

The differences between F,, F8, and F, and between F. and l?, are not marked, the thrust
curva being practically identical at many points.

fi%rwt in reiktibn t% Wzde section.-The thrust for Ss is in general intermediate between

thrusts for ~ and&

A was anticipated, for a given value of% the torquePower in ~ebtion to p“tch ratw.—

and power coefbierh are higher for the propellers of 1.1 pitch ratio than for those of sidar
form and area but of less pitch ratio.

Power in rektim to blade areu.—The pairs of propeka 80-81 and 82-83 show the same
general relations of power as of thrust. The wide blades, having a less dynamic pitch, absorb
less power at low sfip, but at the high slips absorb the greater power. The two areas absorb the

T?

same power at a vahe of ~ Shxhtly less than for maximum etlicienoy.

Power in rela.lion to blade fm.— The power curves for the various forms have the same
general relations as those for thrust.

Power in relation to blude sectim.-The power absorbed by propellers of blade section & is,
in general, intermediate between powers absorbed by Sl and Sz.

E@ciency in relation b p“tdi ratio.—As was anticipated, propellers of 1.1 pitd ratio show
a longer range of efficiency and a higher maximum efficiency than those of less pitch ratio.

E@cienty in reiktion to Hade area. —Propeller pairs 80-81 and 82-83 show the same character-
istics in efficiency curves as similar pai~ in Report No. 14. The narrow blades have a greater
efficiency and, having a slightly greater dynamic pitch, have a correspondingly larger range.

E@ciency h relation to Mzde@-nz.-Such differences as exist in the ef6ciency of the various
forms tested are not marked. Curves for F%,F*, and F- are very shrdar except near the
maximum, where F~has the advantage of about 1 per cent. Curves for FA and FGdo not vary
widely from the above. Curves for F, and F, are practically identical.

E@ciency in relation i%lhde section.—The cambered blades of& give eflkiency curves be.
tween those for & and ~, and it therefore appeara that to be of advantage camber should be
less than that used in ~.

It should be noted that a table has been given showing corrected valum of efficiency for
propellers of Report No. 14, and that the above statements sa to efficiency are made in ccm-
sideration of these corrected valuea.

.-

.-
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IL TESTSOF A VARIABLEPl!l’~ PROPELLER

Propeller model No. 96, ilgure 11, was constructed with a view to determkhg the aero-
dynamic qualities of the variable pitch propeller. The blades are independent and fastened
in a spherical bronze hub, as shown. By loosening the screws they maybe set to any desired
angle and then secured. In this propeller the blades were made of San Domingo mahogany
in one pieca and have the form section, etc., Fl, & %, ad & co~tant pi~ of 25.2 ~ches
(pitch ratio, 0.7). This model is therefore like model No. 5 of Report No. 14, except for slight
variation at the hub.

The model was &tad in the usual manner with the following settings:
A=4° retard. E= 12° advance,
B= 0° advance. F= 16° advance.
C= 4° advance. G==20” advance.
D= 8“ advance. H= 24° advance.

In setting A the pitch anglea are 4° less than those for 0.7 pitch ratio; in setting B the
blade is set atithe designed pitch, and in settings C, D, E, F, G, and H the pitchnglss are
the amounts shown greater than those for 0,7 pitch rata.

Results of tests are shown in Plates XIII, XIV, and XIJI. The following Table IV
shows the nominal and dynamic pitch and for the various settings.

TABLE IV.-Propelb mckl No. 96.

I Np~tiaI Dpw ~=1 Dymmh
SOtting. piwl

pimllratio.lmtio.

A........................

l?:::::::::::::::::::::::
D........................
E........................
F........................

&:::::::::::::::::::::::

Inche.a.
aLzto17.9

Wtow
a4.lto40.8
s9.8t04a!A
41LJ[O&2

@J3t07.%8

Incha.
la4
till
4U7
41L8

%:
70.2
8J17

0.64 an
.7U .03

1:E k:
La
Lti M’
L6S
L88 2:

In the above table the column mimd pitch, except for setting B, has two values. The tit
is for the 7-inch radius and the second for the 16-inch radius. The column mean nominal pitih
ratiois the mean value of nominal pikh for the 7,10,13, and 16 inch radii divided by the diameter.

As shown by P1ates XIII, XIV, and XLII, thb power absorbed by this model increases
v

with the angIe of attack for any vahe of—---- -.
ND T.

For the thrust this rule does not apply. At &.6, for example, there is no increaee in

thrust for angles of advance greatir than 16°. (setting F.)
The maximum efficiency of this propeller i.ncresseswith the angle of advance until about

8° has been reached corresponding ta a mean nominal pitch ratio of 1.04.

IU. TESTSOF RIGET AND LEFTHANDPROPELLERSIN SERIES.

In order to determine the aerodynamic characteristics of two propellers (right and left
hand) in series, three additional propeller models were constructed. These are numbered
97,98, and 99. All are left hand and have form, area, and section symbols Fl, Al, S1, described
in Report No. 14. No. 97 has a pitch ratio of 0.9 and is therefore like propeller No. 1 in every re-
spect except-direction of rotation, Nos. 98 and 99 have pitch ratios of 0.7 and 0.5, respectively,
and are therefore duphatas to propellem No. 5 and No. 9, except as to direction of rotation.

The three sets, 1 with 97, 1 with 98, and 1 with 99, were mountid as shown in figure 12.
The righkhand propeller wasplaced in the rear, on the shaft of the dynamometer that was Iocated
within the experiment chamber. A dynamometer (similarin operation) was built 4 feet in front
of the collector end of the tunnel, the propeller .Wt being extended tiugh the mllector and
supported at the end by a bearing in the bronze nut which wmred the right-hand propeller in
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position. The left-hand propeller was mountid on the shaft of the forward dynamometer. Both
propeller shafta floated freely, but the average distance between the two propellers was 6 inches.

The method of conducting tests was as follows: Both dynamometers were allowed to
run until steady conditions vvere attained. Both dynamometers were carefully calibrated for
torque and thrust. TIM propellers were then put in position and with a practically constant
wind velocity and a constant rotativa velocity of the forward (Ieft-hand) propeller, a series
of observations were made at various speeds of the rear (righkhand) propeller. The rotative
velocity of the forward propeller was then changed and another series of observations made.
This was continued until the range of possible utility was covered.

The observed data was reduced to thrust and torque coeflicienta and efEciency for each
propelkm and to combiucd efficiency for the two propdIers. The cmftlcients and efficiencica
were plottad as elevations of a surface, and the contours shown in P1ates XV to XXIX were
then interpolated. Plates XV to XXVI show also the torque and thrust coeilicienta and
efficiency for propellers 1, 97, 98, and 99 when alone.

From these contours the following conclusions are drawn:
(1) The thrust of either propeller is reduced if the other develops thrust.
(2) The torque of the forward propeller is reduced if the rear propeller develops thrust.-.
(3) At low slips (the larger values of &) the torque of the rear propeller is reduced if the

)forward propeIler develops thrust, while for high slips (the lower values of ~ , the torque of

the rear propelIer is increased if the forward propdler deyelops thrust.
(4) The efficiency of either propelIer is reduced if the other develops thrust,

rr

(5 To give equal thrust or to absorb equal power at equal values of ~, two propelkm

(right and left in series) should have the same pitch ratio.
(6) For two Likepropellers delivering equal thrust or absorbing equal power, the efficiency of

the combination is approximately equal to the efficiency of either at the combinod thrust or power.
It mEy be noted that the eftlciency curve for propeller No. 97 is somewhat lower than that

for No. 1, although these propellers were constructed as nearly alike as possible. Measurements
after tmte showed No. 97 to have a dightly less pitch than No. 1. Likewise Nos. 98 and 99
have less pitch than the right hand similar ones, Nos. 5 and 9, of Report No. 14. In addition,
it may be seen that the efficiency curve of No, 87 is thatdetermined by the tats of Report
No. 14 and not as determined by recent tits. The arrangement of the apparatus and time
required to remove and replace propellers made it impracticable to make these testi by the

—

improwd method.
Therefore it is possible that the eflkiency and torque curves shown on these diagrams

are slightly in error. The relation of one curve to another is, however, beliend to be sub-
stantially correct.

IV. TESTSON MODELPROPELLERSTO DETERMINEBRAKEEPPE~ OR ~EGATIVETHRUSTAT
NEGATIVESLIP.

The propellem selected for these tests are numbewd 1,2,3,4, 5, 6,_7, 8, 9, 10, 11, aud 12.
Their form, section, and area characteristics are fully described in Report No. 14.

The models were mounted as usual and the driving motor constrained, by means of a
mechanical or an electrical brake, to run at less revolutions than required to develop a positive
thrust. The wind velocity was maintained constant at about 50 miles (80 km.) per hour, A
series of observations were made on each propelIer at revolutions from that required for zero
thrust to revolutions as low as practicable for steady conditions. The negative thrust was
measured by reversing the balance arm of the thrust dynamometer.

The data obtained were reduced to coefficients in the form of the thrust coefllcient Tc and
plotted as shown in diagrams of Platm XXX and XXXI. It should be noted that the brake
effect coefficient is plottad as a positive quantity obtained by multiplying the thrust co&cient
by -1.
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The cliagramsshow, as vvouId be anticipated, that the narrow bhdes have lW brake effect
than the wide onw (see pairs 1-2, 3-4, 5-6, etc.), and that the brake effect of the higher pitch
ratio is lesa than that of the levier. (sets 1-5-9,2-6-10, etc.) The unexpected results of this
investigation are shown most ckmrly in the curves for propellers Nos. 10 and 12. Tlth a coD-

stant velocity of advance, the brake eflect of propeIler No. 10 is at ~ = 1.3, about twice the

; 4.8.value for =-

A

That this might have been expected may be shown by the following analysis:

Let E F, &we 13, represent en eknent of the propeller surface.
A B-V, the constant forward vdocity
B C= U, the variable circumferential velocity
A C is then the relative velocity of wind and element.
a =900 –pitch angle.
(a–d) is then the reIative direction of the wind and elementmy surface.
From Duchemin’s formula, verified by Langley (see experiments in aerodpmmics by S. P.

Langley, Smithsonian Institution, 1891) the normal pressure on the eIement, and hence the thrust—
2 8’in (a–(?)

component, is equal to K l+&?in’(a-e)”
In the above formula, the velocity is presumed to be constant.
The velocity of the element, however, with constant velocity of advance, varies as scc 8

Merging the coefllcient 2 with the constant K and assuming that pressure varies es velocity
tin(a–d) S(3C*8

squared, wemay”write; Thrust= K ~+tin% ~a_@) . .

Assigning to a values of 70° and 85° (cor&sponding to pitch angles of 20° and 5°} and to 6
various values, a series of values for thrust may be determined. These, if plotte& on abscism
of cot t?,give curves es shown in figure 14, which have the seznegeneral shape ss curves shown on
Plates XXX and =. For the above analysis the author is indebted to Prof. L. hf. Hos-
kinsj of Stanford University.

The curves shown for prope~leraNos. 3 and 12 may akw be transformed @to curves similar
to one derived by the Duchemin formula ss folIows: .

~td=%ib ““““ ““
,..

By Duchemin’sformulaP = Owhena-8 = Oorwhen a = & But fromplate XXXI, thrust (and

conaequently P) is equal to zero when ~ is .068 for propeller No. 12and 1.2 for propeIlerNo. 3.
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The equivalent a is then

for propeller No. 12, cot+ ‘~ , or 77°46’

1.2
and for propeller No. 3, COF1--, or 69° 6!.

If ordinatee of curves for propellers 12 and 3 are divided by 8W3
(wr’.%)~the

quotienb multiplied by a constant and plotted on abscissae of 77° 46’-cot- ‘*D (for

propeller 12) and 69° 6’-co& ~~- (for propeller 3) the points will lie as shown in figure 16.

‘l%oseteststheraforeserve to conlinn .fieDucknin formula.

Lo,

.9 /

.8

.7

.6 , i

.5 ,

4

.3

.2

c1 \OO~ ““~o” 30° 4(j” 500 60° 70” ~oo 90°

.

l?m.16.
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V. STA.NOINGTHRUSTANDPOWERTESTS.

The 51 propdks of Report No. 14 and the 16 propellers of this present report were tested
ti determine COtit44 Of StSlldi71gthlllst and pOWCr.

T%is invcdigation was necessarily carried on in the wind tunnel. Preliminary teats were

therefore conducted to detarmine the eflect of the velocity generated thmmghout the tunnel
by the action of the model alone, with a view to eliminating such atlect if possible. It was
found that if the experiment chamber were closed, except for the openings to collector and
dHuser, the velocity genarated by the model was sufficient to make resuh of tests inconeistant.
Aftar several triaIs the following conditions were &abIished as closely approximating operation
in free air. Doors and windows of the qmriment chamber were removed, and the diffuser
partially closed by a damper, so that the stream driven backward by the model just passed out
through the diffuser without forming eddiee and backward currents in the experiment chamber.

A1l propellers were &tad throughout the practicable range of revolutions. The ob~a.
tions were reduced to coefficients as follows:

These ccm%icientswere plotted as ordinates on abscissaeof ND, as shown in Plates XXXII,

XXXIII, and 2CXXIV. The diagrams me typical of the 67 propalkws @ted. For the most

part the cocfhients p+ and =6 plot as straight b nearly parslIel to the axis of ND,

showing the cdiicients to be Practicsllv constant.
M data for the 67 prope&rs is gi%n in the following Table V.
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TABLE V.-WmCKng Uuwtandpow&-Continu@d.
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S7......... 30 .0143 .a1640
40 .0146 .M54
50 .0149 :W4 .U3!4

.0100 .CIRn . ma
xl .0123 .03571 .1118

a3......... 30 j= := .07S3
40
50 .Ora .01m6 :E

.Ollm .Cx40 .mu
M .Olxr .OoW .104!2

39......... 30 .0LS3 .00m1 .on6
40 .0137 .m6z3 .054S
60 .0140 .m .0445

:
w......... m

40
60

i!
91.......... 30

40
60

10
m......... %

40

93
{

:. . . . . . . . . 30
40

1
10

e6......+..~
40

: mm:
.ma
.0L26
.0Lr7

.Ora

.0123

.OEu

.0L33

.0L35

.ma7
:;%

.010!4

.0162

.0L63

.0103

.0172

.0L49

.OLoa

.Olw

.0109

L
.0L96
.0196
.OLW
.01s9

Power.

o.m53
.moa
.Cexa
.WM!l
.03s32

.Cc5a3

.W623

.00591

.00539

.W5$4

.IX?716

.mnl

.W!m

.Lxi7z9

.coie4

.m766

.alm

.Kelo

.rural

.ms

.03%6

.K&i5

.mo~

.OlffiL

.0103s

.01W3

!rhrmt.

PowOr.

0.2617
.1165
.mlo
.OSm
.0506

.%S0

.132a

;E

.1913

.10!XZ

.0n5

.05s5

.lL66

.IM4

.07a6

.0631

.ml

.W77
;%

.1s25

.Ce3a

.m17

.Ws

.L —.

--
.-

. .
,-

--- .-

_.—” --

In the above table power is in kilogram meters per second, and other units are metric as
~retioustv stated. Such variation as is shown in the thrust or power coef6cient of any one
~ropeller-isbelieved ta be due partly to warping of the blades when under load, and partly

to inaccuracy of observations. The latter applies to values of ND below 20. Tests show
that the blades when under maximum load (about 30 kilograms) may bend ~ inch (1.5 centi-
meters) at the tip which may ehsnge the tip pitoh angle 2 degrees.

Regarding’s as a measure of @ticY ~ P~U@ smb *t, it may be se~

that it varies, between iVD=20 and ND= 60, inversdy M ND for any one propeller. For
ND leas than 20 the ratio is sometimes smaller and sometimes greater than would be derived
by the application of this rule.

PropelIera of the smaller piti have the larg~ rati~, =.

Form 2 appears superior fm other forms.

r’)The wide blades (A.J have higher ratios s than the narrow ones (Al) at low values

of ND, but at high values of ND the reverse is often true.
There is little diib.renca between propellers of uniform and expanding piti

Between ND =2o and ND E 60, the noncambered b~da give highsP =Mt th~ me

- .—.
—.

-.

—

cambered blades of the same form”and section.
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